
{ 81 {Development of a Cryopanel for the MAFF BeamlineP. G. Thirolf, M. Gro�, D. Habs, and H.-J. MaierA onsiderable fration of the radioativity produed inthe MAFF �ssion target will onsist of short-lived gaseousativity, like Krypton or Xenon �ssion produts or thehalogens Bromium and Iodine. It is intended to preventmigration and release of these volatile �ssion produts byloalizing them on a He-ooled ryopanel until transforma-tion into non-volatile speies by � deay. The required op-erational temperature below 20 K results from the vapourpressures of the gases and vapours that have to be pumped.At this temperature the usual rest gas omponents (exepthydrogen) as well as the �ssion isotopes of Kr, Xe, Br, Iwill be frozen at remaining vapour pressures in the UHVregion (� 10�11 mbar). Suh ryopanels will be installedin the MAFF beamtube at either side of the �ssion soure(SR6-a and SR6-b). The design spei�ations for the ry-opanel to be installed in both sides of the MAFF beamtube lose to the �ssion soure have to meet various partlyontraditing requirements.Limited by the inner diameter of the beamtube (250 mm)as well as by the MAFF �ssion soure required to be movedinside the ryopanel, a ompat design had to be devel-oped, allowing in addition for a surrounding liquid nitrogenshield in order to minimize heating from the outside. Asan adequate solution a double-wall tube (gap width 4 mm)with 6 spiral-like separated setions for in- and outlet ofthe old He gas was designed, whih is shown in Fig. 1 to-gether with the surrounding nitrogen shield following thesame onept. The same onept of double-wall tubes isused at the ultraold neutron soure projet UCN at theFRM-II. The ryopanel length is 1 m, the inner diameterof the He double-tube amounts to 157 mm, the minimumvalue needed still to be able to move the �ssion soure in-side the ryopanel. The outer diameter of the surroundingliquid nitrogen shield will be 240 mm, leaving 5 mm gap tothe wall of the beam tube. The ryopanels will addition-ally provide the neessary high-vauum onditions lose tothe �ssion soure. The pumping apaity of the ryopanelsis depending on the pressure and the gas type, amountingto about 12.7 ls�1m�2 for nitrogen and 5.9 ls�1m�2 forXenon. The overall pumping apaity of the ryopanels oneah side of the beam line will amount to about 8 � 104ls�1for nitrogen and 4 � 104ls�1 for Xenon.
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2lN    - shieldFig. 1: Cryopanel for the MAFF beamline, designed for loalizingshort-lived gaseous radioativity on the He-ooled panel surfae. TheHe panel is surrounded by a liquid nitrogen shield.

Given the proximity to the soure of the high neutron uxin the entral region of the FRM-II, nulear heating willonsiderably a�et the ooling power required for an eÆ-ient operation of the ryosystem. Within a distane ofabout 1.6 m from the enter of the neutron soure nulearheating (neutrons and ) is estimated to about 170 mW/gof material exposed to the neutron ux. Thus keeping theooling power and therefore the osts of the ryosystemin an a�ordable range limits the tolerable wall thiknessof the ryopanel. However, safety regulations for pres-sure vessels within the framework of the German 'Druk-beh�alterverordnung' impose minimal standards on the wallthikness. Therefore integrity alulations were performedby the T�UV Rheinland in order to on�rm that the fore-seen wall thikness of 2 mm aluminum meets the stabilityrequirements even in ase of warming-up and subsequentexpansion of the He inventory within the ryopanel unit,designed for an maximum overpressure of 5 bar. Fromthese onditions a heating power of about 300 W was esti-mated (without nitrogen shield) that has to be ooled oneither side of the MAFF �ssion soure, requiring a He gasrefrigerator for MAFF with a ooling apaity of about1 kW. The He mass ow in the ryopanel will be 20 g/s atan input pressure of 1.8 bar.Aluminum of the type 6061-T6 was hosen as material forthe ryopanel beause of its ryogeni spei�ations neededfor the operation at an input temperature of 10 K, whilethe output temperature will be about 20 K. In addition ma-terial spei�ations and erti�ates for the use in a nulearreator environment already exist for Al 6061-T6, learlyfailitating the mandatory approval proedure. However,this material is not available on the European market andeven quite some e�ort had to be invested to aquire seem-less tubes of the right diameters from a US ompany.In view of the ryopanel design shown in the Fig. 1 it isobvious that manufaturing the ryopanel requires speialtehniques and a prototyping phase to build up the teh-nologial knowledge, espeially for the reliable onnetionbetween the inner and outer wall of the ryopanel tubeby ryogeni shrinking. Furthermore it has to be guaran-teed that all welding seems still allow for X-ray testing. Itwas deided to undergo this proess from the start underthe responsibility of a ompany that would also be ableto manufature the �nal system that has to be built un-der strit nulear tehnology regulations and auspies bythe approval agenies. Thus, based on our initial design,the ompany ACCEL (Bergish Gladbah) will produe aprototype of the He ryopanel expeted to be delivered inMay 2002. It will be installed in the test beamline setup atthe Garhing aelerator laboratory and onneted to theexisting He refrigerator unit in order to allow for oolingtests in a geometrially realisti environment.


